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ABSTRACT
Objective: The aim of this study was to evaluate the results 
obtained using the anterograde percutaneous fixation techni-
que for treating shaft and neck fractures of the lesser metatar-
sals. Methods: We prospectively evaluated 14 patients between 
2003 and 2008, taking into consideration the topography of 
the fracture, trauma mechanism, associated comorbidities and 
AOFAS score for the forefoot. Results: The anatomical region 
most affected was the metatarsal neck (79%). Involvement of 
multiple metatarsals (53%) was more common than isolated 
fractures (47%). Low-energy trauma (79%) was more frequent 
than high-energy trauma (21%). Female patients with diabetes 
had the worst postoperative functional results. There were no 
postoperative complications relating to the type of treatment 
instituted. Conclusion: The surgical technique presented was 
efficient for treating fractures of the lesser metatarsals, with a 
lower complication rate than shown by other established tech-
niques in the literature.
Keywords – Metatarsus, Fractures, Bone; Fracture Fixation; 
Forefoot, Human
INTRODUCTION
Lesser metatarsal fractures are common causes 
of pain and functional disability in the lower limb, 
especially by producing significant sequelae and de-
formities. Despite its high incidence(1), these fractures 
have received little attention in the literature(2). MB 
fractures represent 3-7% of all fractures of the body 
and 35% of fractures of the foot and have a rate of 75 
new cases per 10,000 persons per year(3-5).
They can be isolated, multiple or occur in combi-
nation with fracture-dislocations of the Lisfranc joint. 
Most MB fractures result from low-energy trauma, but 
the high-energy injuries or crushings have increased 
their incidence due to motorcycle accidents(6,7).
MB fractures are divided according to their ana-
tomical location into proximal metaphyseal, diaphy-
seal, cervical (neck), and cephalic (head).
Diaphyseal fractures are most commonly oblique, al-
though they may present themselves in various patterns. 
They are very important because of the shortening and the 
multiaxial deviations that they can produce(8).
Distal fractures (neck and head) are often trans-
verse or short oblique and deviations, when they 
occur, are predominantly in the plantar and lateral 
directions(9).
According to literature, the central MB fractures 
occur more frequently than those of the first MB and 
multiple fractures are more common than those that 
are isolated.
Due to its intrinsic stability, these fractures tend not 
present gross deviations. However, depending on the 
intensity and direction of the traumatic vectors, the 
central metatarsals can be dislocated conjointly(10,11).
In general, MB fractures without deviations are 
treated conservatively. Fractures with small displace-
ments in the frontal plane, without shortening or an-
gulation, can also be treated conservatively(12,13).
Fractures with displacement in the sagittal plane 
can lead to changes in load distribution under the 
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metatarsal heads, resulting in painful calluses, 
mechanical metatarsalgias and traumatic neuroma 
formation(13). Shereff(14) recommends reducing any 
fracture with a displacement of more than 3 mm in 
the frontal plane and an angle greater than 10 degrees 
in the sagittal plane (Table 1).
The surgical treatment established in the literature 
is fixation with Kirschner wires in a retrograde man-
ner with exteriorization of the wire in the plantar re-
gion(12,13,15,16). Due to the high rate of complications 
related to this type of treatment, such as hypertrophic 
scars and painful calluses, besides metatarsophalangeal 
plantar plate lesions, we suggest a change in the direction 
to an antegrade introduction of the Kirschner wires.
The main objective of this study is to evaluate 
the results obtained with percutaneous antegrade 
fixation for fractures of the metatarsal diaphysis or 
neck, presenting the clinical and functional results 
after surgery.
ternal oblique at 45 degrees, and profile views;
Absence of comorbidities that would prevent sur-
gery, and
No other associated fractures.
For the postoperative clinical evaluation, we used 
the AOFAS functional score for the forefoot, obtained 
after six months of treatment.
surgical technique
The patient is placed supine on a radiolucent table. 
With the aid of fluoroscopy, a small 5-mm surgical 
access is performed in the dorsal region of the foot, 
10 mm from the base of the affected MB. With the 
aid of an acute drill, a small bony tunnel is excava-
ted in the dorsal cortex of the MB until it reaches 
the medullary space. In this maneuver we take every 
care to preserve the plantar cortex of the metatarsal. 
Then, a Kirschner wire angled 15 degrees at its distal 
end is inserted anterogradely to the proximal edge of 
the fracture (Figure 1 – A-F). Fracture reduction is 
obtained by applying longitudinal traction combined 
with the manipulation of the forefoot. When closed 
reduction is impossible, a small incision in the area of 
the fracture allows the introduction of a delicate spa-
tula to move the interposed tissues away and a bone 
forceps that assists in the alignment and reduction of 
the fracture (Figure 2). Through fluoroscopic vision, 
the remainder of the Kirschner wire is inserted until 
reaching the distal region of the MB, and is kept 2 mm 
from the distal border of the head of the MB, avoiding 
its perforation (Figure 3 – A-F). The intramedullary 
wire acts as an internal tutor for maintaining reduc-
tion. Immediately after surgery, a plaster splint is ap-
plied for the purpose of analgesia and maintained for 
two weeks. After this time, a non-ambulatory boot 
is maintained for another four weeks. The Kirschner 
wire is removed at six weeks postoperatively. Physical 
therapy rehabilitation with gait training and range of 
motion gain is initiated as soon as the wire is remo-
ved, extending for another six weeks.
RESULTS
In all of the patients in this study, fracture healing 
was confirmed radiologically in the eighth week 
postoperatively.
Tables 2 and 3 show the percentage distribution of 
fractures according to their topography.
Table 4 presents the results according to the num-
MATERIALS AND METHODS 
The study protocol and informed consent forms 
were submitted and approved by the Research Ethics 
Committee of our hospital and the prospective collec-
tion of patients was initiated in 2003.
Fourteen patients with 26 surgical fractures of the 
lateral metatarsals classified according to the rec-
ommendations of Shereff presented in Table 1 were 
evaluated in the period between 2003 and 2008.
Of these patients, eight were female and six were 
male. The average age at surgery was 39 years, rang-
ing from 14 to 70 years.
Patients underwent standard clinical and radiologi-
cal exams for their main complaint and responded 
to a questionnaire, through which information about 
the mechanism of injury, comorbidities, and lifestyle 
was collected.
Inclusion criteria for patients were:
Fractures of the lateral metatarsals (II to V) with 
surgical indication confirmed by radiographs of the 
feet “without load-bearing” in the anteroposterior, in-
Table 1 – Surgical indication for lesser metatarsal fractures according 
to Shereff(14).
Evaluation Parameters
Frontal plane > 3 to 4 mm of deviation
Sagittal plane Angulation > 10 degrees
Metatarsal formula Changes in the metatarsal parabola
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Figure 1 – Antegrade surgical technique. (A) Acute surgical drill introduced percutaneously 10 mm from the base of the fractured metatarsal. (B) 
Kirschner wire angled 15 degrees at its distal end. (C) Preparation for introducing the Kirschner wire in the intramedullary region of the metatarsus. 
(D) Kirschner wire inserted percutaneously. (E) Longitudinal traction and manipulation of the forefoot to reduce the fracture. (F) Kirschner wire inserted 
after fracture reduction.
Figure 2 – Accessory incision to aid fracture reduction when the closed 
reduction could not be performed.
ber of metatarsals affected. The second MB was af-
fected in isolation in 14% of patients, whereas in 
combination with other fractures, the second MB was 
fractured in 57% of patients.
Table 5 shows the overall incidence of fractured 
metatarsals. Table 6 shows the mechanism of injury of 
each patient studied. Table 7 shows the comorbidities 
found in the sample. Of the study patients, 21% (three 
patients) were smokers. The AOFAS score assessed at 
six months postoperatively averaged 98 points, rang-
ing from 85 to 100 points.
Table 2 – Topography of the fractures and their incidence.
Topography N %
Neck 20 77%
Diaphysis 6 23%
Total 26 100%
Table 3 – Anatomical location of fractures and their incidence.
Topography Pax % MBs %
Fracture of the neck of MB 2 2 14% 2 10%
Fracture of the neck of MB 3 1 7% 1 5%
Fracture of the necks of MBs 2 and 3 2 14% 4 20%
Fracture of the necks of MBs 2, 3 and 4 1 7% 3 15%
Fracture of the necks of MBs 2, 3, 4 and 5 1 7% 4 20%
Fracture of the necks of MBs 3 and 4 1 7% 2 10%
Fracture of the neck of MB 4 1 7% 1 5%
Fracture of the necks of MBs 4 and 5 1 7% 2 10%
Fracture of the neck of MB 5 1 7% 1 5%
Fractures of the neck 11 79% 20 77%
Diaphyseal fracture of MBs 2 and 3 1 7% 2 33%
Diaphyseal fracture of MBs 2, 3 and 4 1 7% 3 50%
Diaphyseal fracture of MB 5 1 7% 1 17%
Diaphyseal fractures 3 21% 6 23%
Total 14 100% 26 100%
763
Figure 3 – Radiological demonstration of the percutaneous antegrade treatment. (A) Fracture of the neck of the fourth metatarsal with deviation greater than 3 mm 
in the frontal plane. (B) Deviation of the fracture in the oblique view of the foot. (C) Deviation of the fracture in the sagittal plane with more than 10 degrees of angula-
tion. (D) Anteroposterior radiograph demonstrating reduction of the fracture and placement of intramedullary Kirschner wire in the fourth metatarsal 2 mm from the 
joint. (E) Demonstration of reduction and positioning of the wire in the oblique view of the foot. (F) Demonstration of wire positioning and reduction in lateral view.
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DISCUSSION
The MB fractures are among the most common inju-
ries of the forefoot(3,4,6). Its frequency is up to 10 times 
greater than the fractures affecting the Lisfranc joint(17).
It is important to identify specific populations that 
are at risk of metatarsal fractures. These fractures are 
the most common forefoot fractures in motorcycle ac-
cidents(6), but occur most commonly through low-energy 
trauma, resulting from direct trauma or simple twists(10).
In our study, 69% of patients were low-energy trau-
ma victims and 31% experienced high-energy trauma, 
conforming to the data found in the literature(3,7,10).
The most widely used classification for these frac-
tures is the topographic one, except for fractures lo-
cated at the base of the fifth metatarsal(7).
In this study, the most affected anatomical site was 
the neck of the second and third MBs with 43%. More 
than one affected metatarsal represented 57% of our 
patients, which is also consistent with previous stud-
ies in the literature(1,10,11).
Factors such as obesity, female sex, diabetes mel-
litus, and degree of deviation may worsen postopera-
tive clinical outcomes(18). Coincidentally, the only two 
patients in our study who had AOFAS scores below 
100 points were female and diabetic, but these results 
were not statistically significant (p > 0.005). Smoking 
also was not a factor that changed the postoperative 
results (p > 0.005).
Most metatarsal fractures are treated conservative-
ly with or without plaster immobilization(19). Surgical 
treatment is reserved for those fractures with more 
than 3-mm deviation or more than 10 degrees of an-
gulation, due to the risk of metatarsalgia(20).
If properly diagnosed and managed, these fractures 
have a good prognosis and low complication rates, 
but if not treated properly, they can lead to changes 
in gait and foot load distribution(1,11,18).
The treatment recommended in the literature is 
retrograde fixation with Kirschner wires, opening the 
fracture site and exteriorizing the wire on the plantar 
surface of the foot(8,9,20). The complications described 
Table 4 – Isolated impairment compared to multiple impairment.
N %
Impairment of multiple metatarsals 8 57%
Impairment of only one metatarsal 6 43%
Total 14 100%
Table 5 – Anatomical location of the fractures and their percentages.
Anatomical location N %
Fracture of the neck of MB 2 6 43%
Fracture of the neck of MB 3 6 43%
Fracture of the neck of MB 4 5 36%
Fracture of the neck of MB 5 3 21%
Diaphyseal fracture MBs 2, 3, 4 1 7%
Diaphyseal fracture MBs 2, 3 2 14%
Diaphyseal fracture MB 5 1 7%
Table 6 – Trauma mechanism of the patients of this study.
Mechanism of trauma N %
Direct trauma 5 36%
Indirect trauma 6 43%
Traffic accident (motorcycle) 3 21%
Total 14 100%
Table 7 – Comorbidities encountered in the patients of this study.
Comorbidity N %
Hypertension 4 28%
Diabetes 2 14%
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in this type of treatment are painful plantar callus 
and metatarsophalangeal plantar plate injury(6,9,12,20).
The patients in this study, treated by a percutaneous 
antegrade surgical approach, had higher AOFAS 
functional scores for the postoperative period, 
averaging more than 95 points, and no complications 
were identified related to the type of treatment used.
Despite the small number of patients in our sam-
ple, the established treatment proved sufficient to 
adequately treat metatarsal fractures, avoiding the post-
operative complications of other treatments suggested 
in the literature.
CONCLUSION
Percutaneous antegrade surgical treatment is an 
effective alternative to other types of treatment for 
lateral metatarsal fractures, with a lower incidence of 
complications.
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